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AN ESSAY on the DECLIVITIES OF MOUNTAINS. 
By RICHARD KIRWAN, Efg; L.L.D. F.R.S. and 
P. R. L A. 



AMONG the various caufes to whofe activity the planet we Read April 

* 8 » > 8 o°- 
inhabit owes its prefent wonderfully diversified appearance, fome 

undoubtedly exerted their influence from its very origin, and 

others at fubfequent periods ; of thefe laft one at leaft, namely, 

the Noachian deluge, was univerfal in its operation, while the effedts 

of many more were partial and local, fuch as thofe refulting from 

earthquakes, volcanos, particular inundations, &c. 

In a general furvey of the globe it is only to general caufes 
whofe operation was univerfal that our attention can be directed, 
the effects of partial caufes being the proper objects of the geo- 
logical hiftory of thofe countries that were particularly affected 
by them. 

E 2 But 
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But to diftinguifh caufes of the former clafs from thofe whofe 
operation was more confined, it is neceffary to difcover fome 
character by which their effe&s may unequivocally bedifcerned. 

Now a general uniformity, or agreement in fbrne particular, cir- 
cumftance in every part of the globe, feems to be a fure teft of 
the operation of fome general caufe. The difcovery of uniform 
appearances is therefore of primary importance in geological re- 
fearches. In the prefent effay I {hall confine myfelf to the in- 
veftigation of one inftance of this fort, namely, the inequality of 
declivity which the fides or "flanks of mountains exhibit in every 
part of the globe hitherto examined according to the points of 
the compafs to which they face, and are expofed. 

That one part of almolt every high mountain or hill is fteeper 
tnan another could not have efcaped the notice of any perfon 
Who had traverfed fuch mountains, but that nature in the for- 
mation of fuch declivities had any regard to drfiere'nt afpedts or 
points of the compafs, feems to have been frrft remarked by the 
celebrated Swedifh Geologift Mr. Tilas in the 2 2d vol. of the 
Memoires of Stockholm for 1760.* Neither Varenius, Luloiph 
nor Buffon in his Natural Hillary published i a 1748, have noticed 
this remarkable circumftance;. 

The 

* See alfo vol. 25, Swed. Abhandl. p. 291, where Cronjed explains fome ob- 
feure parts of Tilas's obfervation. 
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The obfefvation of Tilas however relates only to the, extreme 
ends, and not to the flanks of, mountains ; with refpecl: to the 
former he remarked that the Jleepeft declivity always faces that 
part of the country where the land lies loweft, and the gentle/i 
that part of the country where the land lies higheft, and that in 
the fbuthern and eaftern parts of Sweden they confequently face 
the E. and S. E. and in the northern the W. The effential part 
of this obfervation extends therefore only to the general elevation 
or depreflion of the country, and not to the bearings of thefe 
declivities. 

The difcovery that the different declivities of the flanks of 
mountains bear an invariable relation to their different afpe&s 
fcems to have been firft publilhed by Mr. Bergman in his phyfical 
de&riptidnof the earth, of which the fecond edition appeared in 
1773. He there remarked that in mountains that extend from 
N. to S. the weftern flank is the Jieepefi and the eaftern the 
gentleft* And that in mountains which run E. and W, the 
fouthera declivity is the fteepeft and the northern the gentleft, 
vol. 2d. § 187. 

Tnis,affertion he grounds on the obfervations related in his 
firft vol* § 32, namely, that if in Scandinavia the Suevoberg 
mountains that run N..and S. feparating Sweden from Norway, 
the weftern or Norwegian fides are; the fteepeft, and the eaftern 

or 
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or Swedifh the moft moderate, the verticality or fteepnefs of the 
former being to that of the latter as 40 or 50 to 4 or £.* 

2dly. That the Alps are fteeper on their weftern and fouthera 
fides than on the eaftern and northern. 

3dly. That in America the Cordelieres are fteeper on the 
weftern fide, which faces the Pacific Ocean, than on the eaftern. 
But he does not notice a few exceptions to this rule in particular 
cafes which will hereafter be mentioned. 

Buffon, in the firft vol. of his Epochs of Nature published in 
1778, p. 185, is the next who notices the general prevalence of 
this phenomenon, as far as relates to the eaftern and weftern 
fides of the mountains that extend from north to fouth, but he 
is filent with refpeft to the north and fouth fides of the moun- 
tains that run from eaft to weft ; nay, he does not feem to have 
had a juft cqmprehenfion of ' this phenomenon, for he tonfiders 
it conjointly with the general dip of the regions in which thefe 
mountains exift. Thus he tells us, vol. aft. p. 185, that in all 
continents the general declivity, taking it from the fummit of 
mountains, is always more rapid on the weftern than on the 
eaftern fide, thus the fummit of the chain of the Cordelieres is 
much nearer to the weftern fhores than to the eaftern ; the chain 
which divides the whole length of Africa from the Cape of Good 

Hope 

* The verticality of the fides is inverfely as the length of the defcent.] 
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Hope to the mountains of the Moon is nearer, he fays, to the 
weftern than to the eaftern feas ; of this however he muft have 
been ignorant, as that trad of country is ftill unknown. 

The mountains which run from- Cape Comorin through the 
peninfula of India are, he fays, much nearer to the fea on the 
eaft than on the weft ; he probably meant the contrary, as the fact 
is evidently fo, and fo he ftates it in the 2d vol. p. 295 ; the fame 
he tells us may be obferved m iflands and peninfulas, and in 
mountains, 

This remarkable circumftance of mountains was notwithftandingt 
fo little noticed that in 1792 the author of, an excellent account 
of the territory of Carlfbad in Bohemia tells us he had made an ob- 
fervation, whicji l he had never met With in any phyfical description 
of the earth, namely*, that the fbuthern declivity of all mountains 
was much fteeper than the northern, which he proves by inftan- 
cing the Erzgt i 'irge of Saxony, the Pyrenees, the mountains of 
Switzerland, Savoy, ,Carinthia,- Tyrote, Moravia, the Carpathian 
and Mount Haemus in Turkey, 2, Btrgm. Jour. 179:2, p. 385, in 
the note. 

Herman in his Geology, publifhed in 1797, p- 90, has at Ieaft 
partially, mentioned this circumftance, for he fays that the eaftern 
declivities of all mountains are much gentler and more thickly 
covered with fecondary ftrata, and to a greater height, than the 

weftern 
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weftern flank", which he inftances in the Swedifh and Norwegian 
mountains, the Alps, the Caucafian, the Appenine and Ouralian 
mountains; but the declivities bearing a fouthern or northern 
afped he does not mention. 

La Metherie, in the 4th vol. of his Theory of the Earth, of 
which the fecond edition appeared in '1797, a work which abounds 
in excellent obfervations, p 381, * produces numerous inftances 
of the inequality Of the eaftern and weftern declivities, but fcarce 
any of the northern and fouthern, whofe difference he does not 
feem to have noticed, but he makes a remark which I have not 
feen elfewhere, that the coafts of different countries prefent 
fimilar declivities. 

With regard to eaftern and weftern afj>ecls he thinks that a 
different law has obtained in Africa from that which has been 
obferved in other countries, for in that vaft peninfula he imagines 
the eaftern declivities of mountains are the fteepeft and the 
weftern the gentleft. Of this however he adduces no other proof 
but that the greateft rivers are found on the weftern fide; this 
proof feems inefficient, as, if mountains be fituated far in- 
land, great rivers may flow indifcriminately from any fide of them, 
2nd fometimes few rivers flow even from the fide whofe defcent 
is molt moderate, for inftance, from the eaftern fide of the moun- 
tains of Syria ; the Elbe and the Oder, two of greateft rivers in 

Germany, 

* It is to be regretted that he fcarce ever quotes his authorities. 
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Germany take their courfe from the weftern fides, the firft of the 
Bohemian and the other of the Moravian mountains which yet 
are the fteepeft ; many originate from lakes, as the Shannon with 
us ; many take fuch a winding courfe, that from a bare knowledge 
of the place of their difemboguement it is impoffible to judge 
from what fide of 1 a mountain they iffue, if from any ; their 
courfe at moft difcovers the depreffion of the general teye\ of the 
c6untry. 

In 1798, the celebrated? traveller and circumnavigator, John 
Reinhold Fbfter, publilhed a geological trad which merits fo much 
more attention as all the fads Were either obferved by himfelf 
or related- 1© him by the immediate obfervers. In this he ftates 
as a fad univerfally obferved, that tfre fouth and fbuth eaft fides 
of almoft every mountain are fteep, but that the north and north 
w^eft fides are gently covered and connected with fecondary ftrata 
in which organic remains abound, which he illuftrates by various- 
inftances, fome of which have been already, and others will pre- 
fently be mentioned; 

At prefent this fad attracts the greateft attention being ob-t 
vioufly connected with the original ftrudure of the globe and 
clearly proving^ that mountains are not mere fortuitous eruptions 
unconnected with tranfadions on the furface of the earth as has 
of late been ; cpnfidently advanced. 

Vol. Vin. F I Shale 
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I Shall now ftate the principal obfervatiohs relative to this 
object that have open made in different parts of the world. 

In Europe. 

i° The mountains thatieparate Sweden from Noarway extend 
from north to fouth, their weftern fides are ftctp&nA the eaftern 
gentle, i. Bergm. Erde Befchreib. p. 157. 

2 Q The Carpathian mountains run from E. to W. their 
fouthern fides towards Hungary are fteep, their northern towards 
Poland moderate, Fofter, § 46. 

3° Doclor Walker, profeftbr of natural hiftory at Edinburgh, 
obferved that the coafts and hills of Scotland are fteeper and 
higher on the weftern fide than on the eaftern Jamifon Mine- 
ralogy of Shetland, p. 3, However Jamifon obferved that the 
fouth fide of the ifle of Aran is the loweft and the north fide 
the higheft, p. 51. 

4° The mountains of Wales are gentle on the eaftern and 
fteep on the weftern fides. 

5 The mountains of Parthery in the county of Mayo are 
fteep on the weftern fide. 

6° The mountains which feparate Saxony from Bohemia 
defcend gently on the Saxon or northern fide, but are fteep on 

the 
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Bohemian or fouthern fide Charpent, p. 75. The fouthern de- 
clivity is to the northern as fix to, two, 2d Bergm. Journ. 1792, 
p. 384 and 385. 

7 The mountains which feparate Silefia from Bohemia run 
nearly From E. to W. yet are fteeper on the northern or Silefian 
fide than on the oppofite Bohemian, Afiemaqni Silefia, 335, Such 
branches as run from N. E. to S. W. have their weftern covered 
with primordial ftrata and confequently lefs fleep, 4, New Roz, 
Pi l S7^ 

8° THE^Meifiener in HefEa is. fteeper on .the.N. and E. fides 
which face the Warra than on the fouth and. < weftern, r, Bergm. 
Journ. 1 7%<>p. 27 2. 

9? The mountains of the HUrtz and * Habichtswald are fteep 
on tbe^Touth and gentle on the northern, fides^ Fofter §46., 

io° The, Pyrenees which run fcom E. to W, are fteeper on 
the fouthern or Spanifh fide, Carbonieres XIIJ. 

n° The mountains of Crim Tartaryare gentle on the northern 
arid fteep ©a the fouthern fides, Fofter, ibid.- 

In Jfia. 

12° The Ourals which ft retch from N. to S. are far fteeper on 
weftern than on the fouthern fides, Herman Gieologie, p. 90, and 
id Ural Befchreib. p. 389, 

F : a 130 The 
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13° The mountain of Armenic to the weft of the Ourals is 
fteep on its E. and N. fides, but gentle on the fouthern and 
weftern, i. Pallas Voy. p 277. 

1 4° The Altaifchan mountains are fteep on their fouthern 
and weftern fides, but gentle on the northern and eaftern, 
Porter, ibid, and Herman 2d Ural Befchreib. p. 390 in the note. 

15° So alfo are the mountains of Caucafus, 3d Schrift. Berl. 
Gefelsch. 471. 

i6 Q The mountains of Kamlkatfka are fteep on the eaftern 
fides, Pallas, 1 Ad. Petropol. 1777, p. 43. 

1 7 The Ghauts in the Indian peninfula are fteep on the weftern 
fides. 

i8 Q The mountains of Syria which run from N. to S. fkirt- 
ing the Mediterranean, are faid to be fteeper on the weftern fide 
facing the Mediterranean, 4. La Metherie, p. 380. 

In America. 

The Cordelieres run from N. to S. their weftern flanks towards 
the Pacific are fteep, their eaftern defcend gradually. 

In Guiana there is a chain of mountains that run from E. to 
W. their fouthern flanks are fteep, their northern gentle, Voyages 
de Condamine, p. 14a. 

To 
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To aflign the caufes of this almoft univerfal alotment of un- 
equal declivities to oppofite points and why the greateft are 
directed to the weft and fouth, and the gentled on the contrary 
to the eaft and north it is neceffary to confider, 

i° That all mountains, were formed while covered with 
water. 

2 9 That the earth was univerfally covered with water at 
two different aeras, that of the creation, and that of the Noachian 
deluge. 

3° That in the firft aera we muft diftinguifli two different 
periods, that which preceded the appearance of dry land, and 
that which fucceeded the creation of fifti, but before the fea 
had been reduced nearly to its prefent level ; during the former, 
the prima? val mountains were formed, and during the laft, moft 
^f the Secondary mountains and ftrata were formed. 

4 C That all mountains extend either from E. to W. or from 
N. to S. or in Tome intermediate direction between thefe cardinal 
points which need not be particularly mentioned here, as the 
fame fpecies of reafoning muft be applied to them, as to thofe 
to whofe afpedt they approach moft. 

These preliminary circumftances being noticed, we are next 
to obferve that during the firft aera, this vaftmafs of water moved 

in 
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In two general directions, at right- angles with each other, the one 
from E. to W. which needs not to be proved, being the courfe 
of tides which ftill continue, but were in that ocean neceflarily 
ftronger and higher than at prefent : .the other from N. to S. the 
water tending to thofe vaft abyifes then formed in the vicinity of 
the fouth pole, as fhewn in my former efTays. Before either 
motion could be propagated a confiderable time mull have 
elapfed. 

Now the primaeval mountains formed at the commencement of 
the firft sera, and before this double direction of the waters took 
place, muft have oppofed a confiderable obftacle to the motion 
of that fluid in the fenfe that crofted that of the direction of 
thefe mountains. Thus the mountains that ftretch'from N. to S. 
muft have oppofed the motion of the waters from E. to W. this 
oppofition diminifhing the motion of that fluid difpofed it to 
fufter the earthy particles with which in thofe early periods it 
muft have been impregnated to chryftallize or be depofited on 
thefe eaftern flanks, and particularly on thofe of the higheft 
mountains, for over the lower it could eafily pafs ; thefe deposi- 
tions being inceflantly repeated at heights gradually diminifhing 
as the level of the waters gradually lowered, muft have rendered 
the eaftern declivities or defcent, gentle, gradual and moderate, 
while the weftern fides receiving no fuch acceffions from deposi- 
tions muft have remained fteep and craggy. 

Again, 
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Again, the primeval mountains that run from E. to \V. by 
oppofing a fimilar refiftance to the courfe of the waters from N. 
to S. muft have occafioned fimilar depofitions on the northern 
fides of thefe mountains againft which thefe waters impinged, 
and thus fmoothed them. 

Where mountains interfecl each other in an oblique direction, 
the N E fide of one range being contiguous to the S W. flanks 
of another range, there the afflux of adventitious particles on 
the north eaft fide of the one, muft have frequently extended 
to the S. W. fide of the other, particularly if that afHux were 
ftrong and copious ; thus the Erzgebirge of Saxony, which run 
from W. to E. have their N.E. fides contiguous to the S W. 
fide of the Riefengebirge that feparate Silefia from Bohemia, and 
hence thefe latter are covered with the fame beds of Gneifs, &c. 
as the northern fides of the Saxon, and- thereby are rendered 
fmooth and gentle comparatively to the oppofite fide, which 
being fheltered, remains fteep and abrupt, which explains the 
feventh obfervation. 

The caufes here affigned explain why the covering of adven- 
titious ftrata on the higheft mountains is generally thinned at 
the greateft height, and thickeft towards the foot of the moun- 
tain, for the bulk of the water that contained the adventitious 
particles being proportioned to its depth, and the mafs of earthy 

particles 
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particles with which it was charged, being proportioned to the 
bulk of water that contained them, it is plain, that as the height 
of water gradually decreafed, the depofitions from it on the 
higher parts of the mountains muft have been lefs copious than 
on the lower, where they muft have been oftener repeated. 

Hence 2 granitic mountains, generally the mod antient, 
frequently have their northern or eaftern fides covered with 
ftrata of gneifs or micaceous fhiftus, and this often with argillite, 
or primaeval fand-ftone, or lime-ftone, thefe being either of 
fomewhat later formation or longer fufpendible in water. 

Hence 3 different fpecies of ftone are often found at different 
heights of the fame flank of a mountain, according as the 
water which conveyed thfefe fpecies, happened to be differently 
impregnated at different heights ; during the fir ft aera its depofi- 
tions formed the primitive ftohy maffes, but after the creation 
of fifh, lime ftone, fand-ftone, farcilites and fecondary argillites 
in which pifeine remains are found, were depofited. But during 
the fecond sera, viz that of the Noachian deluge, by reafon of 
the violence and irregularity of its aggrefiiony the depofitions 
Were more mifcellaneous and are found at the greateft heights; 
yet in general they may well be diftinguilhed by the remains 
of land animals, or of vegetables, or of both, which they prefent 
in their ftrata (or at leaft by the impreffions of vegetables which 
they bear) as thefe muft have been conveyed after the earth had 

been 
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been inhabited^ But mountains regularly Gratified bearing fuch 
remains,. for inftance the. Carboniferous, cannot be deemed to have 
been formed in a period fo tumultuous. During this deluge 
the waters alfo held a* different courfe, proceeding at firft from 
fouth to north and afterwards in? both oppofite • directions in our 
weftern hemifphere as mewn in treating of that cataurophe in my 
fecond effay. . 

Hence, and' from various contingent local caufes, as partial 
inundations, earthquakes, volcanos, the erofion of rivers, the 
elapfion of ftrata, difintigration, the difruption of the lofty 
mounds by which many lakes were antiently hemmed in, feveral 
changes were produced in particular countries that may: at 
firft fight appear, though in reality they are not* exceptions to 
the operation o£ the general caufes, already ftatecL. 

Thus the mountains of Kamfkatfka had their eaftern flank* 
torn and rendered abrupt by the irruption of the general de- 
luge probably accompanied by earthquakes;' And thus the 
Meiffener had its E. and N. 'flanks undermined, by the River 
Warra, as Werner has fhewn ; thus the eighth and fixteenth ob- 
fervations are accounted for, as is . the thirteenth by the vaft 
inundations fo frequent in this country, i. Pallas, p. 172, which 
undermined or corroded its E. fide while the weftern were 
fmoothed by the calcareous depofitiens from the numerous 
rivers in its vicinity. 

Voi—Vlll. G He.nce. 
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t 

different fpecies of lionet are found, as- Pallas and Sauffure have 
obferved, 2. Sauff. § 981^ a cireum fiance which Sauffure ima- 
gined almoft inexplicable, but Which Dolomieu has fince hap- 
pily explained by {hewing' that the current which conveyed 
the calcareous fubftances to the northern, eaftern and N. eaftern 
fides of the Alps, for inftance, was flopped by the height of 
thefe mountains, and thus prevented from conveying them to 
the fbuthern fides, and thus the N. eaftern fides were rendered 
more gentle than the oppofite, $, New Roz; p. 42 5,* conformably 
to the theory here given. 

Hence 5 Where feveral Ioffy rMges run parallel* to each 
other it muft frequently happen that the external mould inter- 
tercept the depositions that do not furmount them, and thus- 
leave the internal ridges-; fteep on both fides. 

Hesse 6° Low granifcic or other primitive hills are frequently 

* 

uncovered by adventitious ftrata on all fides as at Phanet in 
the county of Donegal, or are covered on all fides ; the im- 
pregnated waters either eafily paffing over them or ftagnating 
upon them according to the greater or leffer rapidity of its 
courfe and the obftacles it met with. 

The two fold motion of the antient ocean is noticed both by 
Buffon and Bergman, but neither of them have deduced from 

it 
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ic : the true explanation of the phenomena of which we here 
treat; BufFon attributes the formation of fecondary mountains 
to depofition or fediments from the fea after the exiftence of 
fiffe, i, Epoques, p. 143, in 8vo. which, he fays invefted the 
bafes of mountains without noticing any diftin&ion of fides, 
p. 144 and \ 1 70. He thinks thefe fediments were equally con- 
veyed from both poles towards the Equator, for it is the 
^Equatorial regions that he thinks thbfe mighty caverns* opened 
towards whkrijl^e primitive ocean was* impetuoufly borne and 
in wruchic'Wasirj^uJpheii, p. 181;' iS^'kM^^. ' IE To, fimilar 
declivities fliould be formed on the fouthern as on the northern 
fides of mountains, which is contrary to the obierved fads. 
His explanation of the eaftern and weftern declivities is de- 
fective and erroneous, for he attibutes the abruptnefs of the 
weftern fides to the erofion of the coafts oh that fide (an erofion 
that exifts only in fancy) and the fmoothnefs of the eaftern 
to the gradual defertion- and retrea* of -the fea on that fide, 
p, 184. and 185, a retreat equally fictitious as De Luc has well 
fliewn. Whereas fince the general motion of the fea is from 
E! to W. if the erofion were of either fide it fliould rather be 
on the. eaftern than on the weftern j befides, if the gentle decUV 
vities of the eaftern fides of mountains arofe from the gradual 
retreat of the fea the petrifactions of the fecondary mountains 
thus formed fliould confift of fuch flxell fifh as inhabit fhallow 

G. 2 feas 
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feas "or (hores, whereas they confift: chiefly of thofe called ptbgicet 
which inhabit the greateft depths.* 

With refpecl to the eaftern and weftern declivities, Mr. 
Bergman's account of the origin of their inequality agrees ex- 
actly with mine, i. Bergm. Erdeklotet § 183 and 187, but he 
fails in accounting for the inequality of the northern and 
fbuthern, for he fuppofes the courfe of the watecs to tend equally 
from both poles towards the ./Equator which would render the 
depoiitions equal on both .fides, which is contrary to.obfervatioa. 



2. Bergm. Erdekugel, p. qi$. 



